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INTRODUCTION 


>in conducting extreme temperature experimentation on bulk cushioning 
materials, it is necessary to provide a means of heating the material to 
the desired upper temperature extreme or to cool the material to the desired 
lower temperature extreme. Since resistance heating techniques are avail- 
able for achieving the upper temperature extreme, the procedure is very 
straightforward. However, this is not the case with the lower temperature 
extreme. 
Two available methods to achieve the low temperature extreme are: 
(1) the introduction of carbon dioxide (C02) gas into a chamber 
containing the items to be temperature conditioned, and 
(2) the use of mechanical refrigeration methods such as those 
available in the common household refrigerator. 
Inherently, it is more difficult and time and energy consuming to achieve a 
low temperature extreme with the mechanical refrigeration method. Conse- 
quently, a large portion of the experimental testing which is conducted at 
low temperature extremes utilizes the CO. method. 
>This report is concerned with evaluating the above two methods of 

achieving low temperature extremes in bulk cushioning testing. In particular, 
the Ethafoam 2 cushioning material was utilized as a basis for evaluating the 
two methods. An experimental design was developed to guide the acquisition 
of test data for the specified conditions. _ The experimental design was based 
upon specific statistical tests which were to be conducted upon the acquired 


data. 
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EXPERIMENTAL CONSIDERATIONS 


The efficient utilization of test equipment and test personnel dictates 


that a test procedure be developed which optimizes the data acquisition pro- 


cess. 


With this objective in mind, the following test procedure was developed 


and utilized in the acquisition of the test data. 


It will be necessary to utilize the present CO. method of achieving 
the cold temperatures for the cushions as the standard or contro] 
method, while utilizing a refrigeration method as the experimental 
one. The temperatures to be utilized are -65°F, -20°F, 20°F, and 
70°F. The usual drop heights of 12", 18", 24", and 30" will be 
utilized. It will be necessary to keep the samples from the two 
different methods of cooling, physically separated. The first 
static stress to be tested will be 0.5 psi, followed by 1.0 psi. 


Only two static stresses are necessary. 


Condition the 200 test specimens of Ethafoam 2 to be utilized by 
dropping on them once, one at a time, from a 24" drop height mea- 


sured from the top of the sample, at a temperature of 70°F. 


The drop test temperature/static stress/day/set combinations are 
shown in Table 1. A total of four sets of test specimens will be 


required where a set is defined as 16-1", 16-2", and 16-3" cushions. 
The data is to be recorded on a data sheet similar to Table 2. 


The test specimens associated with the CO. testing are loaded in 
conditioning chambers according to the right most column on the 
data form. Each chamber is loaded according to a specific repli- 


cation with a total of four replications per temperature/static 
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is contained in Appendix A. 


stress. The refrigeration method will utilize two separate refrig- 
eration chambers each capable of holding 24 test specimens (2 reps, 


each). 


The testing sequence (1-12) has been randomly established by the 
representative numbers for each of the twelve blocks on the data 
sheet. The first test specimen to be tested is identified with a 
one in the upper right-hand corner of one of the twelve identically 


Shaped blocks on each data sheet. 


Two experimental values are to se recorded for each drop test. The 
value to be recorded on the upper portion of the individual data 
Jocation on the data sheet is the peak G value. Below this value 


should be recorded the shock pulse width in milliseconds. 


The experimental data, collected according to the outlined test procedure, 


perature, lowest static stress level sequence. 


The data is organized according to a lowest ten- 


DATA ANALYSIS 

Statistical methods are widely utilized in the analysis of experi- 
mental data. The basis of this study is to determine if a significant 
difference exists between the G-level response for the Ethafoam 2 cush- 
jioning material utilizing two different methods of attaining the desired 
low temperatures. A statistical method commonly utilized to detect dif- 
ferences between two methods of accomplishing some task is the one-way 
analysis of variance [1]. 

Since the only item of interest in this study is the two methods of 
achieving low temperature test conditions, the one-way analysis of vari- 
ance is applicable with a slight modification in the basic test data. Due 
to anticipated experimental variation, the experimental design required 
each experimental test combination to be replicated four times, and the 
results recorded. This may suggest that all four observations should be 
utilized independently. However, this would not be legitimate [2]. The 
impact response from any particular experimental test combination will show 
some unknown variation, suggesting that the average of the four replications 
be utilized. Consequently, the four replications were averaged, and the 
average values utilized in the one-way analysis of variance. 


The null hypothesis which is to be tested is: 


which states that a difference does not exist between the two methods of 
attaining low temperatures for the cushioning material. The alternate hypo- 


thesis for consideration is: 


Hy: M 


co, * Mrer 


which states that a significant difference exists between the two methods. 


The test statistic utilized in evaluating the two stated hypotheses is 


, MS 
Ny. MSep 
where ny = degrees of freedom associated with the M's (methods ) 
n> = degrees of freedom associated with error variation 
MSiq = mean square of the M's 
Meg = mean square of the error variation. 


To review the basis for the F test in a one-way analysis of variance, 


consider Table 3. 
Table 2. Sample Tayout 

1: eae CMe Oa eee eed eee a. 
Xe iy 
Roy 
Kay 
Xia 

Totals: Led 

Number : ny 


Sum of Squares: YX? 


Here T., 
J 


cular method and ni represents the number of observations taken for a method. 


T.. represents the qrand total of all observations taken. 


? 
/ 


represents the total value of the observations taken under a parti 


It is then possible to develop a one-way Analysis of Variance (ANOVA) i) 
table as shown in Table 4, 
} 
t 
Table 4. One-way ANOVA table. 

Source of Variation df Sum of Squares (SS) Mean Square (MS) F-ratio 

isd 2 S 
Between methods k-] ti. te between MSretween 
n = 
within 
eee Ss - $S SOrarics 
Within methods N~k total between Swithin \ 
N-k 
~ | - = 
Totals N-1 She = Tea | 

ij 
N | | | 
In Table 4, k represents the number of methods, N is the total number of data | 
points, SS is the sum of squares, and MS is the mean square. Based upon the | 
equations given in Table 4, the sums of squares may now be calculated. | 

; to 
. wage meer 
Srotar ” Bay ° 


= 116673 - 115336 
= 1337 


. c ee 
SShetween n N 


= 53533.52 + 61956.26 - 115336 


= 153.78 


SSyithin % Stotal . Shetween 
= 1337 - 153.78 
= 1183.22 


Table 5 presents the sample calculations for a temperature of -65°F, and 


a static stress level of 0.5 psi. 


Table 5. Sample calculations. 


METHOD 
es x Gee eee 
65.00 
67.00 
71.25 


Impact 69.00 
Response 63.50 
in G's 74.50 
73.00 
67.25 
79.50 


85.00 


= 116673 


Placing these values in an ANOVA table, we acquire Table 6. 


| 
| 
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Table 6. ANOVA table for data at a 
-65°F temperature and 


: 0.5 psi. 
Source of Variation ~ __ SS Pa Sl 
Between methods 153.78 
Within methods 1183. 22 


Totals 1337.00 


Utilizing the tables from any standard statistical text, the value 
of the F-statistic, with n; = 1 and np = 22 degrees of freedom and a 
0.05 level of significance, is found to be F 25 (122) = 5.79. The rejec- 
tion criterion for testing the null hypothesis as previously stated is 


F F/g (Ma oe). Thus, if a calculated F-statistic exceeds the 


calculated > 
appropriate tabulated value, then the null hypothesis must be rejected in 
favor of the alternative hypothesis which in this case is the assumption 
of a significant difference in impact response of cushion samples tempera- 
ture conditioned by the two methods. 

In the example under consideration, since T catoutated < Fuso hMisna)s 
i.e., 2.86 < 5.79, the null hypothesis cannot be rejected indicating no 
significant difference in cushion impact response obtained by the two 
methods for achieving low temperatures in the test samples of Ethafoam 2. 

A summary of the calculated F-ratios for all temperature and static 
stress conditions tested is given in Table 7. In every case, it is noted 
that the null hypothesis cannot be rejected, indicating that a significant 


difference does not exist between the C0. method and the refrigerated method 


of attaining low temperature levels for cushioning material test samples. 
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Table 7. F-ratio summary. 


Temperature (°F) | Static Stress (psi) 


not reject 
reject 


reject 
reject 


reject 
reject 


reject 
reject 


CONCLUSIONS 

The evaluation of the two methods of achieving low temperature extremes 
in bulk cushioning testing has been accomplished. In particular, test sam- 
ples of the Ethafoam 2 cushioning material were utilized in an experimental 
design which was randomized to minimize any experimental variations. 

The experimental data was analyzed through a one-way analysis of vari- 
ance. Each of the eight experimental temperature/static stress combinations 


was tested at a = 0.05. It was not possible to reject the null hypothesis 


in any of the eight cases. Consequently, the C0. and refrigeration methods 
for attaining low temperature conditions for testing of cushioning materia) 


samples are deemed to be essentially the same. 
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